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Abstract Observations by the Pioneer, Voyager, Ulysses, and Galileo spacecraft in Jupiter’s dayside
magnetosphere revealed a cushion region, where the magnetic ﬁeld became increasingly dipolar and the
10-hr periodicity associated with rotation of the magnetodisc was no longer visible. Focused observations at
the dawn terminator by the Juno spacecraft provide critical constraints on the formation physics of the
dayside cushion. We observe a persistent 10-hr periodicity at dawn with only minor distortions of the ﬁeld
near the magnetopause boundary, indicating the absence of a systematic dawn cushion region. These
data suggest that the dayside cushion is not formed via mass loss associated with magnetic reconnection
along a localized X line but rather may be due to the gradual compression of the dawnside magnetic ﬁeld as
it rotates toward local noon.
Plain Language Summary Jupiter’s space environment is strongly inﬂuenced by its fast rotation
period of ~10 hr. Dipolar magnetic ﬁeld lines are stretched out by centrifugal forces out to distances up to
100 times Jupiter’s radius. Observations of Jupiter’s daysidemagnetosphere from several spacecraft revealed a
cushion region that was thought to contain an absence of plasma, constraining how mass and magnetic
ﬁeld are circulated around the planet. This cushion was thought to extend to dawn local times, but there have
been very few spacecraft observations of this region until Juno. The Juno data presented here demonstrates
that no systematic cushion region exists near the dawn terminator such that ﬂux circulation models need
to be reassessed in order to account for a cushion region that is conﬁned closer towards noon local times.
1. Introduction
Jupiter’s massive, rotationally driven magnetosphere generates physical processes not present at other pla-
netary bodies. In particular, the so-called cushion region found in the outer magnetosphere is speciﬁc to
Jupiter (Went et al., 2011). This region was ﬁrst identiﬁed in Pioneer 10 magnetic ﬁeld observations, where
the stretched magnetodisc ﬁelds found closer to the planet transitioned to a more turbulent, dipolar conﬁg-
uration with increasing distance from Jupiter (Smith et al., 1974, 1976). The ~10-hr periodicity associated with
Jupiter’s rotation was no longer visible. Observations of the cushion region in the morning sector of Jupiter’s
outer magnetosphere have since been conﬁrmed with the Voyager, Pioneer 11, Galileo, and Ulysses space-
craft (Balogh et al., 1992; Kivelson et al., 1997; Kivelson & Southwood, 2005; Ness et al., 1979a, 1979b;
Smith et al., 1975, 1976; Went et al., 2011). An additional characteristic of the cushion was magnetic nulls that
indicated the presence of highly localized increases in plasma content (Haynes et al., 1994; Leamon
et al., 1995).
The cushion was ﬁrst incorporated into a schematic of Jupiter’s magnetic ﬂux circulation by Vasyliunas (1983).
This region was attributed to ﬂux tubes that were depleted of mass from magnetic reconnection in Jupiter’s
magnetotail and would rotate from dawn to dusk, eventually reassimilating into the dusk plasma sheet. This
concept of the cushion was reﬁned by Kivelson and Southwood (2005), who further argued the observed
magnetic nulls arose from instabilities forming at the outer edge of the plasma sheet in the inner magneto-
sphere. Khurana et al. (2004) illustrated the cushion region as conﬁned to dayside local times (~0800–
1600 hr), where it served to buffer the magnetodisc from compressions of the subsolar magnetopause.
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Key Points:
• Jupiter’s magnetosphere was likely in
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several Juno perijove passes
• Jupiter’s magnetodisc extends to the
magnetopause along the dawn
terminator, indicating the absence of
a thick dawn cushion region
• The dayside cushion likely forms as a
result of the gradual dipolarization of
magnetodisc ﬁeld lines
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More recently, Delamere and Bagenal (2010) suggested that the cushion region was related to the viscous
interaction between magnetospheric and magnetosheath plasmas along Jupiter’s dawn ﬂank. Instead of
consisting of depleted ﬂux tubes, they asserted that the cushion acted as a dawnside boundary layer with
a thickness of ~10 RJ. Finally, Delamere et al. (2015) considered the cushion region as the accumulation of
expelled magnetic ﬂux from the current sheet via reconnection, sandwiched between the magnetodisc in
the inner magnetosphere and magnetopause.
Many of the discussed concepts of the cushion region require its systematic presence at dawn local times.
However, direct observations of a thick (i.e., >> 1 RJ) cushion at Jupiter have been limited to the morning
sector (i.e., postdawn). The dawn terminator of Jupiter’s outer magnetosphere has been largely unexplored
by previous missions (Went et al., 2011). Fortunately, the ﬁrst several orbits of the Juno spacecraft (Bolton,
2010; Bolton et al., 2017) around Jupiter resulted in dwell times of weeks in Jupiter’s dawnside magneto-
sphere (Bolton et al., 2017). This orbital conﬁguration enabled unprecedented study of the dawn terminator
and the unambiguous evaluation of its role in the formation of the cushion region.
Here we use Juno data collected in Jupiter’s outer magnetosphere to demonstrate the systematic absence of
a signiﬁcant cushion region at dawn. We ﬁnd that the 10-hr periodicity associated with magnetodisc rotation
about Jupiter persists out to the magnetopause, with modest distortions limited to within a day before a
magnetopause crossing. We further show that plasma densities previously reported in the cushion region
are consistent with those observed in the dawnside plasma sheet. We suggest that the cushion does not
consist of disconnected ﬂux tubes but rather forms postdawn due to the gradual dipolarization of Jupiter’s
magnetic ﬁeld as it is compressed by the subsolar magnetopause.
2. Data Analysis
We utilized data collected by the Juno spacecraft between July 2016 and January 2017. This time period
spanned Juno’s ﬁrst four 53-day orbits around Jupiter. The local time of the spacecraft in the outer magneto-
sphere was almost exactly at dawn (i.e., 0600 hr), with dwell times of several weeks at large (i.e., R > 75 RJ)
Joviocentric distances. Juno’s near equatorial latitude enabled observation of the oscillatory magnetodisc
motion generated by the 10° angular offset of Jupiter’s magnetic ﬁeld from its rotation axis. This orbital con-
ﬁguration differed from previous spacecraft’s transits along Jupiter’s dawn terminator that were limited to
only a few days in the outer magnetosphere (Bagenal et al., 2017), enabling a more comprehensive analysis
of this region.
Data from the Magnetometer Investigation (MAG; Connerney et al., 2017) and Waves Investigation (Kurth
et al., 2017) on Juno were used to characterize Jupiter’s outer magnetosphere. Particle measurements from
the Jovian Auroral Distributions Experiment (McComas et al., 2013) were not regularly available during this
time period. Three-dimensional magnetic ﬁeld vector measurements were transformed from sensor coordi-
nates into the Jupiter-De-Spun-Sun (JSS) nonrotating frame, where the Z axis lies along the direction of
Jupiter’s spin axis, the Y axis lies along the direction of the cross product between the Z axis and the unit vec-
tor of Jupiter to the Sun, and the X axis completes the right-handed coordinate system (i.e., the Jupiter-Sun-
Equatorial (JSE) frame in Bagenal et al., 2017, or the JUNO_JSS frame in Juno SPICE kernels). Corresponding
spherical polar coordinates, (BR, Bθ, and BΦ), were calculated as BR = B•[cos(Φsc) sin(θsc), sin(Φsc) sin(θsc),
cos(θsc)], Bθ = B•[cos(Φsc) cos(θsc), sin(Φsc) cos(θsc), sin(θsc)], and BΦ = B•[sin(Φsc), cos(Φsc),0], where θsc
andΦsc were the polar (i.e., from the Z axis) and azimuthal (i.e., in the XY plane) angles of the Juno spacecraft
in JSS coordinates, respectively. Vectors were averaged to one sample per minute.
Plasma wave electric ﬁeld spectra were provided by Waves for 50 Hz to 41 MHz at a cadence of 10 s. The
lower frequency cutoff of continuum emission in the magnetosphere was used in conjunction with the
magnetic ﬁeld magnitude to provide estimates of the total electron density. In addition, the presence of
this emission was evaluated along with rotations of the vector magnetic ﬁeld to identify spacecraft transits
of Jupiter’s magnetopause. This approach has been successfully used (e.g., Gershman et al., 2017;
Hospodarsky et al., 2017; Kurth et al., 2002) to identify magnetopause boundaries. A sharp disappearance
of continuum radiation accompanied by a change in one or more components in the magnetic ﬁeld
vector indicates that the spacecraft has moved from the closed-ﬁeld magnetosphere into the
open magnetosheath.
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2.1. Data Overview
An overview of the BR and Bθ components of Jupiter’s magnetic ﬁeld along the dawn terminator is shown in
Figure 1 for the ﬁrst four Juno orbits. The 10-hr periodicity associated with the planetary rotation period in BR
endured throughout the outer magnetosphere. Given that the average magnetopause standoff distance
along Jupiter’s dawn ﬂank is on the order of ~100 RJ (see Figure 1, Joy et al., 2002, and Hospodarsky et al.,
2017), the uninterrupted 10-hr periodicity observed for distances R ≤ 100 RJ suggested that no systematic
10 RJ-thick layer (e.g., Delamere & Bagenal, 2010) existed between the magnetodisc and magnetopause.
The ﬁeld magnitude remained at ~5 nT in this region, with some sporadic enhancements associated with
magnetopause compressions (Gershman et al., 2017).
The magnetodisc ﬁelds became distorted only in regions immediately adjacent to the magnetopause. The
extent of these distortions is further quantiﬁed in Figure 2, where the direction of the magnetic ﬁeld was his-
togrammed as a function of time from its nearest magnetopause crossing (i.e., closest edge of a shaded
region in Figure 1). The average direction of B far from the magnetopause was consistent with the expected
bend back of the magnetic ﬁeld due to subcorotating plasmas in the outer magnetosphere (Khurana et al.,
2004). Regions of more dipolar ﬁeld were highly limited in extent to within less than a day of the nearest
crossing. Due to the strong localization of these regions to immediately adjacent to the magnetopause, it
is likely that their spatial extent is ≲1 RJ, consistent with magnetopause boundary layers as described by
Gershman et al. (2017).
2.2. Current Sheet Structure
The structure of current sheets was analyzed for 26magnetodisc crossings with distances R> 90 RJ, indicated
with vertical dashed lines in Figure 1. Minimum variance analysis (Sonnerup & Cahill Jr., 1967) was performed
on the magnetic ﬁeld data spanning 1 hr before and after the time of each crossing, deﬁned here as the
Figure 1. Radial (black) and polar (red) components of Juno/MAG magnetic ﬁeld vectors in the outer magnetosphere for
the ﬁrst four Juno orbits around Jupiter (i.e., July 2016 through January 2017). Data are organized as days since perijove,
that is, closest approach of the spacecraft to the planet. The local time of all observations was dawn (i.e., 0600 hr).
Shaded regions indicate that the spacecraft was outside the magnetosphere as determined by MAG and Waves. Vertical
blue dashed lines correspond to pristine (as described in the text) current sheet crossings at large radial distances that
are analyzed in section 2.2. No systematic dawn cushion is visible in these data, as sustained distortions of the magnetic
ﬁeld are limited to the gray-shaded regions outside of Jupiter’s magnetosphere.
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minimum in magnetic ﬁeld magnitude. The duration of each crossing,
deﬁned as the full width at1=
ﬃﬃﬃ
2
p
of the maximum value of the largest vary-
ing component, was determined. Example magnetodisc crossings are
shown in Figure 3a for thinner, ~2-min (black), and thicker, ~40-min
(red), current sheets. Although many other current sheets are visible in
Figure 1, they exhibited signiﬁcant variation near the crossing such that
a thickness was not readily recovered. The pristine 26 crossings used here
showed monotonic variation for the duration of the crossing. A histogram
of current sheet thicknesses is provided in Figure 3b, which shows a mean
duration of 21 ± 10 min. If we assume that Jupiter’s current sheet under-
goes a sinusoidal variation with amplitude ~10° in 10 hr, the maximum
angular speed of the current sheet at R ~ 100 RJ is ~200 km/s. Therefore,
the half thicknesses of the dawnside current sheet in the outer magneto-
sphere range from ~1 to 3 RJ. These dimensions are consistent with the
~2 RJ average half thickness at dawn reported by Connerney et al. (1981)
and Khurana et al. (2004), though it is likely that the magnetodisc thickens
somewhat closer to the planet.
2.3. Dayside-Dawn Comparison
Finally, a comparison between the outer magnetosphere in the dayside
cushion (~1300 hr) and near the dawn terminator (~0600 hr) are shown in
Figure 4, observed by Galileo and Juno, respectively. The dayside cushion
region interval shown in Figure 4a is identical to that presented by
Kivelson and Southwood (2005). The magnetic ﬁeld and plasma wave
spectra are shown for each interval. On the dayside, the magnetodisc
signature broke down at R ~ 30 RJ. The current sheet in the inner magneto-
sphere was thicker than at dawn, with variations in BR appearing nearly
sinusoidal. Beyond 30 RJ, the Galileo magnetometer (Kivelson et al.,
1992) showed that the ﬁeld became dipolar and dominated with compres-
sive ﬂuctuations. The cushion persisted out to ~60 RJ, after which Galileo
crossed the magnetopause. The electron density in the cushion region
inferred from the plasma wave spectra (Gurnett et al., 1992) was ~0.01 cm3. At dawn (Juno observations,
Figure 4b), no such cushion region was observed, with thin magnetodisc current sheet crossings observed
all the way to the magnetopause at ~110 RJ. Electron densities in the center of the plasma sheet were also
Figure 2. Histograms of the angles of the magnetic ﬁeld vector (a) in the R-Φ
plane (0° and 90° correspond to along the R andΦ axes, respectively) and (b)
from the θ axis are shown as a function of time from the nearest magneto-
pause crossing (i.e., nearest edge of a shaded region in Figure 1). The two
dominant azimuthal angles arise due to the equal and opposite ﬁelds on
either side of the magnetodisc current sheet.
Figure 3. (a) Example current sheet crossings of themagnetodisc in the outer magnetosphere. Themaximum varying com-
ponent of the ﬁeld for a shorter (black, 2-min duration, unit vector [0.75,0.66,0.04] in R-θ-Φ) and longer (red, 40-min
duration, unit vector [0.54,0.84,0.11] in R-θ-Φ) crossing are shown. (b) A histogram of the durations of 26 clear current
sheet crossing signatures in the outer magnetosphere indicated with vertical blue dashed lines in Figure 1.
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~0.01 cm3, with modest increases close to the magnetopause associated with the magnetopause boundary
layer (Ebert et al., 2017; Gershman et al., 2017).
3. Discussion
Juno’s nominal 53-day orbit is approximately twice that of a solar rotation (i.e., 27 days). Therefore, variations
in Jupiter’s magnetosphere associated with regular solar forcing (e.g., high-speed solar wind streams
[McComas et al., 2014]) are synchronized with Juno’s orbital period. Such repetitions were present in
Figure 1 where crossings of the magnetopause (i.e., increases in solar wind dynamic pressure) occurred every
~12–14 days. Corresponding observations of the solar wind speed from the Solar Wind Electron Proton Alpha
Monitor instrument (McComas et al., 1998) on the Advanced Composition Explorer spacecraft (Stone et al.,
1998) at 1 AU over late 2016 (not shown) indicated high-speed streams occurring with a similar cadence.
Given this pattern, and the magnetosheath observed near 10, 23, 35, and 45 days since perijove in
Figure 1, Jupiter’s magnetosphere should have been in a compressed state during Juno’s ﬁrst several perijove
passes. Such a conﬁguration may have impacted the mapping of auroral features to regions of Jupiter’s mag-
netosphere (Vogt et al., 2011). A synoptic view of Juno magnetometer data enabled the recovery of this pat-
tern despite the absence of an upstream monitor.
In the inner magnetosphere, centrifugal forces driven by Jupiter’s rotation result in a stretched ﬁeld conﬁg-
uration, that is, a magnetodisc, at all local times (Goertz, 1979). These forces are balanced by the J × B cur-
rent system, enabling a corotating plasma sheet (Hill, 1979; Vasyliunas, 1983). However, beyond a critical
radius (<30 RJ at Jupiter) the J × B forces are no longer able to provide this balance (Bagenal et al., 2016;
Dougherty et al., 2017; Hill, 1979). Therefore, simple stress balance suggests that a magnetodisc need not
exist beyond this critical distance. Nevertheless, stretched ﬁelds are regularly observed in Jupiter’s outer
magnetosphere. The phase of magnetodisc crossings in the outer magnetosphere with respect to
Jupiter’s rotation have been shown to be consistent with a wave that propagates radially outward from
the location of corotation breakdown (Northrop et al., 1974). The magnetic pressure adjacent to the plasma
sheet enables the conﬁnement of magnetodisc plasmas to the equator at large radial distances (Khurana
et al., 2004).
Due to Jupiter’s rotation, polar magnetic ﬂux is asymmetrically swept back as it expands into the magnetotail
(Khurana et al., 2004; see Figure 5d). This ﬂux provides the conﬁning magnetic pressure described above. On
the dayside, because there is little magnetic pressure provided by the expanding polar ﬂux, there is not sufﬁ-
cient force to maintain a magnetodisc in the outer magnetosphere. It follows that a cushion of more dipole-
like ﬁeld on the dayside between themagnetopause andmagnetodisc in the inner magnetosphere would be
possible. Its thickness would be determined by distance between the radius of corotational breakdown and
Figure 4. (a) The dayside cushion region (local time ~ 1300 hr) as reported by Kivelson and Southwood (2005) using Galileo
data and (b) the dawn terminator with no cushion (local time ~ 0600 hr) as observed by Juno. Magnetic ﬁeld and plasma
wave spectra are shown for both intervals. MAG = Magnetometer Investigation; MSH = Magnetosheath; PWS = Plasma
Wave Subsystem.
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the subsolar magnetopause standoff distance, resulting in the ~30 RJ cushion presented in Figure 4. As
illustrated in Figure 5, this cushion would form as a consequence of the gradual weakening of the
magnetodisc current density and quasi-adiabatic dipolarization of the ﬁeld as ﬂux tubes rotate from dawn
to noon local times. Following the illustration in Figure 5d, the dayside cushion would disappear toward
dusk as both the magnetopause standoff distance (Joy et al., 2002) and pressure from the polar magnetic
ﬂux increase. The increased current sheet thickness at dusk compared to that at dawn is consistent with a
dawn-dusk asymmetry in both magnetopause standoff distance (Joy et al., 2002; Ogino et al., 1998) and
expansion of polar magnetic ﬂux (Khurana et al., 2004). A signiﬁcant dayside cushion region would not be
expected in smaller rotationally driven magnetospheres (e.g., Saturn [Went et al., 2011]), where the
magnetopause standoff distance is not substantially further out from the planet than the radius at which
corotation breaks down (Arridge et al., 2008).
If the dayside cushion consists of ﬂux tubes that have rotated from dawn without any change in magnetic
topology, then its plasma content must directly map to that observed in the dawn plasma sheet. The total
plasma density in both regions was found to be on the order of ~0.01 cm3, indicating that dawn plasma
sheet particles are still present on the dayside but are simply tied to more dipolar ﬁeld lines. Signiﬁcant
particle densities maintained on the dayside likely enabled the compressive turbulence noted in observa-
tions of the cushion region. In addition, localized plasma density enhancements in dayside cushion (e.g.,
magnetic nulls) may nonetheless arise due to plasma bubble detachment from the outer edge of the mag-
netodisc current sheet (Kivelson & Southwood, 2005).
The formation of the cushion region postdawn has implications for the mass and magnetic ﬂux transport at
Jupiter. The absence of dipolarized ﬂux tubes along the dawn terminator suggests that large-scale plasmoid-
based transport, that is, magnetic reconnection along a localized dominant X line (Vasyliunas, 1983; Vogt
et al., 2014) may not be the dominant source of mass loss. However, signiﬁcant mass loss may take place
between dusk and dawn local times through mass drizzle, that is, gradual diffusive mass loss down
Jupiter’s magnetotail over a larger area (Bagenal, 2007; Bagenal & Delamere, 2011; Kivelson & Southwood,
Figure 5. Side-view illustration of Jupiter’s magnetodisc current sheet at (a) dawn, (b) noon, and (c) dusk. Below a critical
radius (red dashed line), the magnetodisc plasma corotates with the planet at all local times. In the outer magnetosphere,
the plasma subcorotates such that the observed vertical deﬂection of the current sheet lags that in the inner magneto-
sphere. (d) Polar magnetic ﬂux (adapted from Figure 24.20 of Khurana et al., 2004) provides pressure to asymmetrically
conﬁne magnetodisc plasmas near the equator at dawn and dusk. Similar pressure is not present at noon such that as
plasma rotates from dawn toward the dayside, the magnetodisc ﬁelds gradually dipolarize. Because no change in magnetic
topology has occurred, plasma sheet particles remain tied to the now dipolar ﬁeld lines, resulting in a cushion region. As the
dayside ﬁeld rotates toward dusk, the ﬁeld reexpands and is reconﬁned to the equator by the polar magnetic ﬂux.
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2005). Although thick (~1 RJ) magnetopause boundary layers can form during times of signiﬁcant
magnetospheric compressions (Gershman et al., 2017), a systematic magnetosphere-magnetosheath
interaction region with the extent of ~10 RJ (e.g., Delamere & Bagenal, 2010) was not observed, suggesting
limited solar wind entry into the magnetosphere by viscous interaction along the dawn ﬂank.
4. Conclusions
Through analysis of Juno data, we have demonstrated the absence of a systematic cushion region along
Jupiter’s dawn terminator. The magnetodisc current sheet persisted beyond distances of 100 RJ, with modest
distortions observed only close to the magnetopause. We suggest that the dayside cushion forms as the
stretched magnetodisc ﬁelds are quasi-adiabatically dipolarized as they rotate toward the compressed sub-
solar magnetopause. The absence of a dawn cushion region supports the concept that mass balance in
Jupiter’s magnetosphere occurs gradually across the nightside magnetotail.
References
Arridge, C. S., Russell, C. T., Khurana, K. K., Achilleos, N., Cowley, S. W. H., Dougherty, M. K., et al. (2008). Saturn’s magnetodisc current sheet.
Journal of Geophysical Research, 113, A04214. https://doi.org/10.1029/2007JA012540
Bagenal, F. (2007). The magnetosphere of Jupiter: Coupling the equator to the poles. Journal of Atmospheric and Solar - Terrestrial Physics,
69(3), 387–402. https://doi.org/10.1016/j.jastp.2006.08.012
Bagenal, F., Adriani, A., Allegrini, F., Bolton, S. J., Bonfond, B., Bunce, E. J., et al. (2017). Magnetospheric science objectives of the Juno mission.
Space Science Reviews, 213(1-4), 219–287. https://doi.org/10.1007/s11214-014-0036-8
Bagenal, F., & Delamere, P. A. (2011). Flow of mass and energy in the magnetospheres of Jupiter and Saturn. Journal of Geophyical Research,
116, A05209. https://doi.org/10.1029/2010JA016294
Bagenal, F., Wilson, R. J., Siler, S., Paterson, W. R., & Kurth, W. S. (2016). Survey of Galileo plasma observations in Jupiter’s plasma sheet. Journal
of Geophysical Research: Planets, 121, 871–894. https://doi.org/10.1002/2016JE005009
Balogh, A., Dougherty, M. K., Forsyth, R. J., Southwood, D. J., Smith, E. J., Tsurutani, B. T., et al. (1992). Magnetic ﬁeld observations during the
Ulysses ﬂyby of Jupiter. Science, 257(5076), 1515–1518. https://doi.org/10.1126/science.257.5076.1515
Bolton, S. J. (2010). The Juno mission. In C. Barbieri, et al. (Eds.), IAU symposium, (Vol. 269, pp. 92–100). Cambridge, UK: Cambridge Univ. Press.
Bolton, S. J., Lunine, J., Stevenson, D., Connerney, J. E. P., Levin, S., Owen, T. C., et al. (2017). The Juno mission. Space Science Reviews, 213(1-4),
5–37. https://doi.org/10.1007/s11214-017-0429-6
Connerney, J. E. P., Açuna, M. H., & Ness, N. F. (1981). Modeling the Jovian current sheet and inner magnetosphere. Journal of Geophysical
Research, 86(A10), 8370–8384. https://doi.org/10.1029/JA086iA10p08370
Connerney, J. E. P., Benn, M., Bjarno, J. B., Denver, T., Espley, J., Jorgensen, J. L., et al. (2017). The Juno magnetic ﬁeld investigation. Space
Science Reviews, 213(1-4), 39–138. https://doi.org/10.1007/s11214-017-0334-z
Delamere, P. A., & Bagenal, F. (2010). Solar wind interaction with Jupiter’s magnetosphere. Journal of Geophysical Research, 115, A10201.
https://doi.org/10.1029/2010JA015347
Delamere, P. A., Otto, A., Ma, X., Bagenal, F., & Wilson, R. J. (2015). Magnetic ﬂux circulation in the rotationally driven giant magnetospheres.
Journal of Geophysical Research: Space Physics, 120, 4229–4245. https://doi.org/10.1002/2015JA021036
Dougherty, L. P., Bodisch, K. M., & Bagenal, F. (2017). Survey of Voyager plasma science ions at Jupiter: 2. Heavy ions. Journal of Geophysical
Research: Space Physics, 122, 8257–8276. https://doi.org/10.1002/2017JA024053
Ebert, R. W., Allegrini, F., Bagenal, F., Bolton, S. J., Connerney, J. E. P., Clark, G., et al. (2017). Accelerated ﬂows at Jupiter’s magnetopause:
Evidence for magnetic reconnection along the dawn ﬂank. Geophysical Research Letters, 44, 4401–4409. https://doi.org/10.1002/
2016GL072187
Gershman, D. J., DiBraccio, G. A., Connerney, J. E. P., Hospodarsky, G., Kurth, W. S., Ebert, R. W., et al. (2017). Juno observations of large-scale
compressions of Jupiter’s dawnside magnetopause. Geophysical Research Letters, 44, 7559–7568. https://doi.org/10.1002/2017GL073132
Goertz, C. K. (1979). The Jovian magnetodisk. Space Science Reviews, 23, 319.
Gurnett, D. A., Kurth, W. S., Shaw, R. R., Roux, A., Gendrin, R., Kennel, C. F., et al. (1992). The Galileo plasma wave experiment. Space Science
Reviews, 60, 341.
Haynes, P. L., Balogh, A., Dougherty, M. K., Southwood, D. J., Fazakerley, A., & Smith, E. J. (1994). Null ﬁelds in the outer Jovian magnetosphere:
Ulysses observations. Geophysical Research Letters, 21(6), 405–408. https://doi.org/10.1029/93GL01986
Hill, T. W. (1979). Inertial limit on corotation. Journal of Geophysical Research, 84(A11), 6554. https://doi.org/10.1029/JA084iA11p06554
Hospodarsky, G. B., Kurth, W. S., Bolton, S. J., Allegrini, F., Clark, G. B., Connerney, J. E. P., et al. (2017). Jovian bow shock and magnetopause
encounters by the Juno spacecraft. Geophysical Research Letters, 44, 4506–4512. https://doi.org/10.1002/2017GL073177
Joy, S. P., Kivelson, M. G., Walker, R. J., Khurana, K. K., Russell, C. T., & Ogino, T. (2002). Probabilistic models of the Jovian magnetopause and
bow shock locations. Journal of Geophysical Research, 107(A10), 1309. https://doi.org/10.1029/2001JA009146
Khurana, K. K., Kivelson, M. G., Vasyliunas, V. M., Krupp, N., Woch, J., Lagg, A., et al. (2004). The conﬁguration of Jupiter’s magnetosphere. In
F. Bagenal, T. E. Dowling, & W. B. McKinnon (Eds.), Jupiter: The planet, satellites, and magnetosphere (pp. 593–616). New York: Cambridge
Univ. Press.
Kivelson, M. G., Khurana, K. K., Means, J. D., Russell, C. T., & Snare, R. C. (1992). The Galileo magnetic ﬁeld investigation. Space Science Reviews,
60, 357.
Kivelson, M. G., Khurana, K. K., Russell, C. T., Walker, R. J., Coleman, P. J., Coroniti, F. V., et al. (1997). Galileo at Jupiter: Changing states of the
magnetosphere and ﬁrst looks at Io and Ganymede. Advances in Space Research, 20(2), 193–204. https://doi.org/10.1016/S0273-
1177(97)00533-4
Kivelson, M. G., & Southwood, D. J. (2005). Dynamical consequences of twomodes of centrifugal instability in Jupiter’s outer magnetosphere.
Journal of Geophysical Research, 110, A12209. https://doi.org/10.1029/2005JA011176
Kurth, W. S., Gurnett, D. A., Hospodarsky, G. B., Farrell, W. M., Roux, A., Dougherty, M. K., et al. (2002). The dusk ﬂank of Jupiter’s
magnetosphere. Nature, 415(6875), 991–994. https://doi.org/10.1038/415991a
10.1029/2018GL079118Geophysical Research Letters
GERSHMAN ET AL. 9433
Acknowledgments
All Juno and Galileo data presented
here are publicly available from NASA’s
Planetary Data System as part of the
JNO-J-3-FGM-CAL-V1.0 and JNO-E/J/SS-
WAV-3-CDR-SRVFULL-V1.0 data sets for
the Juno MAG and Waves instruments,
respectively. Galileo data are available
from the GO-J-MAG-3-RDR-
MAGSPHERIC-SURVEY-V1.0 and GO-J-
PWS-4-SUMM-SA60S-V1.0 archives for
the magnetometer and plasma wave
instruments, respectively. This work was
supported by the Juno mission.
Kurth, W. S., Hospodarsky, G. B., Kirchner, D. L., Mokrzycki, B. T., Averkamp, T. F., Robison, W. T., et al. (2017). The Juno Waves investigation.
Space Science Reviews, 213(1-4), 347–392. https://doi.org/10.1007/s11214-017-0396-y
Leamon, R. J., Dougherty, M. K., Southwood, D. J., & Haynes, P. L. (1995). Magnetic nulls in the outer magnetosphere of Jupiter: Detections by
Pioneer and Voyager spacecraft. Journal of Geophysical Research, 100(A2), 1829–1835. https://doi.org/10.1029/94JA01963
McComas, D. J., Alexander, N., Allegrini, F., Bagenal, F., Beebe, C., Clark, G., et al. (2013). The Jovian Auroral Distributions Experiment (JADE) on
the Juno mission to Jupiter. Space Science Reviews, 213(1-4), 547–643. https://doi.org/10.1007/s11214-013-9990-9
McComas, D. J., Bagenal, F., & Ebert, R. W. (2014). Bimodal size of Jupiter’s magnetosphere. Journal of Geophysical Research: Space Physics, 119,
1523–1529. https://doi.org/10.1002/2013JA019660
McComas, D. J., Bame, S. J., Barker, P., Feldman, W. C., Phillips, J. L., Riley, P., & Griffee, J. W. (1998). Solar Wind Electron Proton Alpha Monitor
(SWEPAM) for the Advanced Composition Explorer. Space Science Reviews, 86(1/4), 563–612. https://doi.org/10.1023/A:1005040232597
Ness, N. F., Acuña, M. H., Lepping, R. P., Burlaga, L. F., Behannon, K. W., & Neubauer, F. M. (1979a). Magnetic ﬁeld studies at Jupiter by Voyager
1: Preliminary results. Science, 204(4396), 982–987. https://doi.org/10.1126/science.204.4396.982
Ness, N. F., Acuña, M. H., Lepping, R. P., Burlaga, L. F., Behannon, K. W., & Neubauer, F. M. (1979b). Magnetic ﬁeld studies at Jupiter by Voyager
2: Preliminary results. Science, 206(4421), 966–972. https://doi.org/10.1126/science.206.4421.966
Northrop, T. G., Goertz, C. K., & Thomsen, M. F. (1974). The magnetosphere of Jupiter as observed with Pioneer 10: 2. Nonrigid rotation of the
magnetodisc. Journal of Geophysical Research, 79(25), 3579–3582. https://doi.org/10.1029/JA079i025p03579
Ogino, T., Walker, R. J., & Kivelson, M. G. (1998). A global magnetohydrodynamic simulation of the Jovian magnetosphere. Journal of
Geophysical Research, 103(A1), 225–235. https://doi.org/10.1029/97JA02247
Smith, E. J., Davis, L. Jr., Jones, D. E., Coleman, P. J. Jr., Colburn, D. S., Dyal, P., et al. (1974). The planetary magnetic ﬁeld and magnetosphere of
Jupiter: Pioneer 10. Journal of Geophysical Research, 79(25), 3501–3513. https://doi.org/10.1029/JA079i025p03501
Smith, E. J., Davis, L. Jr., Jones, D. E., Coleman, P. J. Jr., Colburn, D. S., Dyal, P., & Sonnet, C. P. (1975). Jupiter’s magnetic ﬁeld, magnetosphere,
and interaction with the solar wind: Pioneer 11. Science, 188(4187), 451–455. https://doi.org/10.1126/science.188.4187.451
Smith, E. J., Davis, L. Jr., & Jones, D. E. (1976). Jupiter’s magnetic ﬁeld andmagnetosphere. In Jupiter, (pp. 788–829). Tucson: Univ. of Ariz. Press.
Sonnerup, B. U., & Cahill, L. J. Jr. (1967). Magnetopause structure and attitude from explorer 12 observations. Journal of Geophysical Research,
72(1), 171–183. https://doi.org/10.1029/JZ072i001p00171
Stone, E. C., Frandsen, A. M., Mewaldt, R. A., Christian, E. R., Margolies, D., Ormes, J. F., & Snow, F. (1998). The Advanced Composition Explorer.
Space Science Reviews, 86(1/4), 1–22. https://doi.org/10.1023/A:1005082526237
Vasyliunas, V. M. (1983). Plasma distribution and ﬂow. In A. J. Dessler (Ed.), Physics of the Jovian magnetosphere (chap. 11, pp. 395–453).
New York: Cambridge University Press. https://doi.org/10.1017/CBO9780511564574.013
Vogt, M. F., Jackman, C. M., Slavin, J. A., Bunce, E. J., Cowley, S. W. H., Kivelson, M. G., & Khurana, K. K. (2014). Structure and statistical properties
of plasmoids in Jupiter’s magnetotail. Journal of Geophysical Research: Space Physics, 119, 821–843. https://doi.org/10.1002/2013JA019393
Vogt, M. F., Kivelson, M. G., Khurana, K. K., Walker, R. J., Bonfond, B., Grodent, D., & Radioti, A. (2011). Improved mapping of Jupiter’s auroral
features to magnetospheric sources. Journal of Geophysical Research, 116, A03220. https://doi.org/10.1029/2010JA016148
Went, D. R., Kivelson, M. G., Achilleos, N., Arridge, C. S., & Dougherty, M. K. (2011). Outer magnetospheric structure: Jupiter and Saturn
compared. Journal of Geophysical Research, 116, A04224. https://doi.org/10.1029/2010JA016045
10.1029/2018GL079118Geophysical Research Letters
GERSHMAN ET AL. 9434
